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A protocol for multiple shoot bud induction and plant regeneration from leaf segment-derived callus of Ruta graveolens has been developed.
Maximum organogenic callus induction frequency (70.6±2.33%) was observed on Murashige and Skoog (MS) medium supplemented with
10 µM 2,4,5-trichlorophenoxyacetic acid (2,4,5-T). Multiple shoot induction was achieved from the surface of the callus when transferred to shoot
induction media (MS nutrients supplemented with 6-benzyladenine (BA), kinetin (Kn), indole-3-acetic acid (IAA), indole-3-butyric acid (IBA)
and α-naphthalene acetic acid (NAA) in various concentrations and combinations). The highest shoot multiplication (92.3%) was observed on MS
medium with 7.5 µM BA and 1.0 µM NAA. Regenerated shoots were rooted in vitro on MS containing 0.5 µM IBA. Plantlets with well
developed root and shoot systems were successfully acclimated (90%) and established in earthen pots containing garden soil; they exhibited
normal morphology and growth characteristics.
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Ruta graveolens (Rutaceae) commonly known as rue, is a
strongly scented medicinal and aromatic plant of Europe,
mostly grown in the Mediterranean region (Anonymous, 2003)
as an ornamental because of its yellow-cupped beautiful
flowers. It is also used in food stuffs, salads, sandwiches, fish,
egg dishes, condiments and pickles. The herb contains many
secondary metabolites such as furocoumarins, furoquinolines
and acridone alkaloids (Anonymous, 2003), mainly present in
the leaves, especially before blooming. The volatile rue oil has a
pungent smell and bitter taste, and possesses antibacterial activity
against Micrococcus pyogenes var aureus and Escherichia coli
(Anonymous, 2003). It is used as anthelmintic, antispasmodic,
antiepileptic, rubefacient and emmenagogue in veterinary
medicine and, when obtained from steam distillation of fresh⁎ Corresponding author. Tel.: +966 91 571 2702016; fax: +966 91 571
2704225.
E-mail address: anism1@rediffmail.com (M. Anis).
0254-6299/$ - see front matter © 2010 SAAB. Published by Elsevier B.V. All righ
doi:10.1016/j.sajb.2010.03.008material to encourage the onset of menstruation (Jougard, 1977).
In addition it is utilized as a scent in perfumes and soaps as it is
rich in methyl-nonyl-ketone which is used in the preparation of
methyl-n-nonyl-acetaldehyde, widely used in synthetic perfumes
(Anonymous, 2003).
Protocols for in vitro plant production via direct and indirect
morphogenesis have many potential applications to medicinal
species such as Ruta graveolens, e.g. true-to-type large scale
propagation of superior genotypes and genotypic improvement
via mutagenesis and/or genetic engineering, respectively. Direct
shoot bud induction in nodal segments of Ruta graveolens
through axillary shoot multiplication has been reported earlier
(Faisal et al., 2005a). The present communication deals the
development of a rapid regeneration system from leaf callus
(indirect organogenesis) and the subsequent transplantation of
the plantlets to natural environmental conditions.
2. Materials and methods
Young shoots of Ruta graveolens obtained from plants
growing at the Botanical Garden of the Aligarh Muslimts reserved.
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20 min, treated with 5% (v/v) Labolene™ (a liquid detergent;
Qualigens Fine Chemicals, Mumbai, India) for 10 min, and
rinsed three times with distilled water. This was followed by
surface sterilization with 0.1% (w/v) mercuric chloride (HgCl2)
for 5 min. After five washes with sterile distilled water, the leaf
segments (1.0–1.5 cm) were excised aseptically and transferred
to sterile agar-solidified medium (20 ml) in culture tubes
(125 mm×25 mm; Borosil, India). The basal medium contain-
ing MS (Murashige and Skoog, 1962) nutrients supplemented
with 3% (w/v) sucrose, 0.8% (w/v) agar and the plant growth
regulators (PGRs), pH 5.8 adjusted with 1 N NaOH before
autoclaving at 121 °C for 15 min. All cultures were incubated at
25±2 °C, 16 h photoperiod with a photon flux density of
50 µmol m−2 s−1 (40 W cool-white fluorescent tubes, Philips
Electronics India Ltd.) and 50–60% relative humidity.
The leaf segments (one leaf divided into two pieces) were
placed on callus induction media (basal medium containing
2.5–20 µM 2,4-dichlorophenoxy acetic acid (2,4-D) or 2,4,5-
trichlorophenoxy acetic acid (2,4,5-T). After 4 weeks, the leaf
derived calli were transferred for shoot induction (basal medium
with 1.0–10.0 µM 6-benzyladenine (BA), kinetin (Kn), 0.5–
5.0 µM indole-3-acetic acid (IAA), indole-3-butyric acid (IBA)
and α-naphthalene acetic acid (NAA), alone or in combina-
tions). The percent explants forming callus, the number of
regenerated shoots per unit callus (callus piece 10×10 mm) and
shoot lengths were recorded after 8 weeks.
Regenerated shoots (40–50 mm in length) were excised
from cultures and transferred to basal medium containing either
half- and full-strength MS with IBA (0.5–2.0 µM) for in vitro
rooting. Plantlets with well developed shoot and root systems
were removed from the culture, washed carefully with tap water
and transplanted into plastic pots (80 mm diameter) containing
sterile soilrite (Keltech Energies Ltd. Bangalore) and covered
with transparent polyethylene bags to ensure high humidity.
The bags were removed after 2 weeks in order to acclimatize
plantlets to field condition, and the plants were transferred to
earthen pots (250 mm diameter) containing normal garden soil.
For histological examination, callus pieces bearing shoot buds,
were fixed in 5:5:90 (v/v/v) formalin:acetic acid:ethanol (FAA)
for 24 h and stored in 70% (v/v) ethanol, dehydrated in a graded
ethanol series, and paraffin-embedded using themethod described
by Johansen (1940). Longitudinal sections, 10 µm thick, were cut
using a Spencer 820 rotatory microtome (American Optical
Corporation, Buffalo, NY, USA) and stained with saffranin and
fast green (Johansen, 1940). Sections were examined with a light
microscope (CH20 I, Olympus India Pvt. Ltd. New Delhi).
All experiments were repeated thrice with 20 replicates for
each treatment. The data were analysed using analysis of variance
(ANOVA), and the means were compared using the Duncan's
multiple range test (DMRT) at 5% level of significance (Pb0.05).
3. Results and discussion
It is well known that, a complete in vitro regeneration protocol
needs to be established for each explant of each species, and for
each culture stage, in terms of nutrient medium, temperature,length, age and importantly, endogenous level of phytohormones.
In this study, callus induction frequency occurred in approxi-
mately 45–70% of explants, depending on auxin type and
concentration (results not shown). Cell proliferation, which
started at the injured part of explants may have been due to the
accumulation of auxins at the point of injury, which stimulated
cell proliferation in the presence of growth regulators. At lower
concentration of 2,4-D (2.5 µM), only 45% leaf cultures showed
callus formation. However, the frequency of callus production
increased with increased concentration (10 µM) of 2,4-D, from
45% to 68.3% (10 µM 2,4-D) and then decreased with the tested
higher concentration (results not shown). Similarly, highly
proliferating light yellow friable callus was observed on MS
medium containing up to 10 µM 2,4,5-T, and at higher
concentrations a decline in percentage of cultures forming callus
was observed. Therefore, 10 µM 2,4,5-T proved to be the best for
maximum callus induction frequency (70.6±1.45%). The fastest
growing callus formation was achieved in leaf explants on MS
medium containing 2,4-D and 2,4,5-T (10 µM). The findings are
in accordance with the results obtained in Tylophora indica
(Faisal and Anis, 2003) and Withania somnifera (Rani et al.,
2003).
The light yellow friable callus was transferred to shoot
induction media containing different concentrations (1.0, 2.5,
5.0, 7.5 and 10 µM) of BA or kinetin. The calli became more
greenish and appeared highly competent for shoot bud initiation
(Fig. 1A) particularly on a medium containing 7.5 µM BA
where about 70% shoot bud induction frequency was recorded
(Table 1). BA alone at 7.5 µM induced the development of
greenish nodular callus with shoot buds (Fig. 1B) which later
developed into shoots, a similar response to that reported by
other authors (Gharyal and Maheshwari, 1990; Maity et al.,
2005). The earliest sign of shoot bud formation and subsequent
elongation was noticeable after 4 and 8 weeks of incubation,
respectively. Between the two cytokinins tested, BA was found
to be superior than kinetin as it induced 32.2 shoots/unit callus
with 70% regeneration frequency at 7.5 µM, while kinetin at the
same concentration gave a maximum of 27.6 shoots/unit callus
and maximum regeneration frequency (69.0%) after 8 weeks of
incubation. Increasing BA from 7.5 to 10.0 µM resulted in a
decrease in shoot regeneration ability in R. graveolens callus
which is in agreement with the reports on Coleus forskohlii
(Reddy et al., 2001) and Tylophora indica (Faisal et al., 2005b).
The effects of combining auxin (IAA, IBA or NAA) at
different concentrations (0.5, 1.0, 2.5 and 5.0 µM) with the
established best BA concentration (7.5 µM) were also evaluated
for shoot bud induction. BA at 7.5 µM in combination with
1.0 µM NAA resulted in the highest recorded regeneration
frequency (92%) and highest number (92.4±1.12) of shoots and
shoot length (4.1±2.9 mm) while IAA and IBA were less
effective (Table 1). Clearly, the lower concentration of NAA
showed a synergistic effect with BA and increased the shoot
morphogenetic response. Similar observations with auxin and
cytokinin combinations have been recorded in other species,
e.g. Petasites hybridus (Wldi et al., 1998) and Hypericum
perforatum (Wojcik and Podstolski, 2007). A continuous
process of shoot bud multiplication was also achieved through
Fig. 1. (A) Culture showing shoot bud emergence from leaf derived callus on MS+BA (7.5 µM), after 4 weeks; (B) Multiple shoot buds induced on MS + BA
(7.5 µM)+NAA (1.0 µM), after 8 weeks of culture; (C) Transverse section showing organisation of meristematic zone (Bar=100 µm); (D) In vitro rooting in
regenerated shoot on MS+IBA (0.5 µM), after 4 weeks.
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the same shoot induction medium. The histological sections
through differentiating calli clearly revealed the organisation of
large number of meristematic zone (Fig. 1C) leading to shoot
bud formation.
Rooting of the regenerated shoots did not occur on the shoot
induction medium, even after a culture period of more than
8 weeks. The isolated shoots were, therefore, transferred to MS
medium supplemented with IAA, IBA or NAA at differentTable 1
Effect of PGRs alone and in combination on indirect shoot morphogenesis in
leaf callus of R. graveolens, after 8 weeks of culture.
Growth regulators ((µM) % Callus
response
Mean no. of
shoots/unit
callus
Mean shoot
length (mm)
BA Kn IAA IBA NAA
0.0 0.0 0.0g 0.0g 0.0g
1.0 – 44.6±2.40de 15.2±1.28e 19±3.3ef
2.5 – 53.0±2.51cd 19.2±1.01d 22±3.5def
5.0 – 65.0±2.86ab 25.2±1.31c 26±3.4cde
7.5 – 70.0±2.64a 32.2±1.39a 39±3.7a
10.0 – 61.6±3.84abc 29.2±1.39ab 36±4.8ab
1.0 29.0±2.08f 6.6±1.02f 14±3.2f
2.5 39.0±3.05e 9.6±1.20f 19±3.5ef
5.0 59.3±3.71bc 18.6±1.56de 22±3.4cdef
7.5 69.0±3.78a 27.6±1.72bc 34±3.5abc
10.0 61.6±3.28abc 24.2±1.24c 32±2.2abcd
7.5 0.5 65.3±1.45def 48.6±2.44fg 27±3.3bcd
7.5 1.0 73.3±3.28cd 54.0±2.42de 35±3.7ab
7.5 2.5 84.3±3.48ab 64.0±1.37c 35±3.4ab
7.5 5.0 68.3±2.02cde 52.6±1.50ef 20±3.5cd
7.5 0.5 51.0±3.05gh 46.0±1.37gh 20±3.5cd
7.5 1.0 59.0±2.08fg 47.4±1.24g 26±2.8bcd
7.5 2.5 46.6±2.40h 41.8±1.62h 24±2.4bcd
7.5 5.0 46.6±3.69h 29.6±1.32i 16±3.6d
7.5 0.5 76.0±2.30bc 57.8±1.39d 36±0.5abc
7.5 1.0 92.3±2.18a 92.4±1.12a 41±2.9a
7.5 2.5 74.0±2.00cd 76.6±1.40b 34±5.4ab
7.5 5.0 60.6±2.96ef 72.6±1.46b 23±3.7cd
Values represent mean±standard error of 20 replicates per treatment in three
repeated experiments. Means sharing the same letter are not significantly
different (P=0.05) using Duncan's multiple range test.levels (0.5–2.0 µM). As expected from the literature, e.g. work
on Tylophora indica (Faisal et al., 2007), IBA was found to be
superior to IAA and NAA in inducing rooting. The maximum
frequency (91%) of root of mean length 32 mm per shootlet
(Fig. 1D; Table 2) was achieved on MS medium containing
0.5 µM IBA. IAA at 0.5 µM also induced 90% rooting in
regenerated shoots but the number of roots per shoot was
considerably lower. However, only 80% rooting frequency was
observed with NAA and the order of effectiveness of various
auxins was found to be IBAN IAANNAA.
A separate experiment was also carried out to optimize the
IBA concentration in full and half-strength MS medium.
Individually isolated shoots were transferred to MS and ½
MS media supplemented with IBA (0.5–2.0 µM). Of the
treatments tested, about 95% of regenerated shoots rooted on
half-strength MS medium with 0.5 µM IBA; a lower rooting
response (65%) was observed at the same concentration of IBA
in full-strength MS medium (data not shown), which is in
accord with the earlier reports viz. Cucumis sativus (Ahmad andTable 2
Effect of auxins on in vitro root induction in tissue culture raised shoots obtained
from indirect regeneration of R. graveolens on MS medium, after 4 weeks of
culture.
Growth regulators (µM) % Shoot
Response
Mean no. of
roots/shoot
Mean root
length (mm)
IAA IBA NAA
0.0 0.0 0.0 0.0f 0.0d 0.0d
0.5 – – 90.1±3.2a 3.6±0.2b 28±9.0abc
1.0 – – 71.5±2.6c 3.1±0.1bc 25±3.1abc
2.0 – – 50.0±2.9e 1.5±0.2d 18±3.5c
0.5 – 91.3±4.1a 6.2±0.4a 32±3.7a
1.0 – 82.6±3.5b 3.3±0.2b 30±3.5ab
2.0 – 61.3±2.9d 1.7±0.4a 18±3.3c
0.5 80.3±3.8b 3.1±0.3bc 29±3.6abc
1.0 62.1±2.5d 1.5±0.2d 20±3.5bc
2.0 50.6±2.1e 1.2±0.2d 19±3.7bc
Values represent mean±standard error of 10 replicates per treatment in three
repeated experiments. Means sharing by the same letter are not significantly
different (P=0.05) using Duncan's multiple range test.
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which ½ MS proved to be the best for in vitro rooting. In vitro
raised plantlets with well developed shoots and roots were
transferred to pots containing sterile soilrite and acclimated,
after which the successfully acclimated plants (80%) were
transferred to pots under full sun where they grew well without
any detectable phenotypic variation.
In conclusion, we have developed a method for indirect plant
regeneration from leaf explants of Ruta graveolens. The
protocol developed is simple, reproducible and yields approx-
imately 372 acclimated plants per 100 leaf explants. i.e. 4 plants
per leaf explants or 8 plant per leaf). Moreover, the system is
rapid with initiation of callus culture to transplanting of plantlets
to greenhouse completed within 16 weeks.
Crop improvement by traditional methods (mass selection,
inbreeding and hybridization) is labour intensive and time
consuming, strongly influenced by environmental conditions
and depends on the existing gene pool(s). In contrast, callus
culture offer tools for genetic cell transformation, through
somaclonal variation, induced mutagenesis and genetic engi-
neering which are not only much more rapid than conventional
breeding but can also give rise to novel genes and genotypes.
The indirect regeneration system developed for Ruta graveolens
provided a step towards the application of such methodology,
for this important medicinal plant.
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